If either chance or environmental exposure was the dominant carcinogen, cancer risk would increase continuously with age, but it doesn't. For all cancers studied, risk exhibits three phases: 1) Low risk at young ages, followed by 2) an increase in risk to a maximum at some later age, followed by 3) a plateau or decline in risk at advanced ages. Only a genetically-determined discontinuous process can explain this pattern. We analyzed differences in risk between tissues of tumor origin and between geographic locations, genders, races, and ethnicities for clues. Our analyses suggest that normal tissue differentiation is safe, but inadequate. At some critical age, regeneration or dedifferentiation is required and this is an invitation to carcinogenesis. Upon reaching this critical age, risk varies with the size of a target, which may correspond to the number of regenerating or dedifferentiating stem cells. Cancer incidence rates were analyzed for melanoma and cancers of the mouth, esophagus, stomach, small intestine, colon, rectum, liver, pancreas, larynx, bronchus, breast, and kidney in populations distributed worldwide and within the United States in two time eras. Over all cancers, in all populations, and both eras, the difference in age-specific rates between ages 50 and 40, d50 -40, correlated strongly with age-standardized rates. Differences in d50 -40 correlated strongly with differences in age-standardized rates between genders, races, and ethnicities. We suggest that, for the cancers studied, the critical age occurs between 40 and 50. If environmental exposure or segregating genes was the dominant carcinogen, the rank order of cancer risk between tissues of tumor origin would vary from one geographic location to another, because environment and segregating genes vary between geographic locations. Such variation was observed between rank order in Japan and rank order in other countries, but not between rank orders in the other countries. We suspect, therefore, that environment or segregating genes play an important role in determining the difference in rank order of risk for the tissues of tumor origin between Japan and other countries. If chance or environmental exposure was the dominant carcinogen, cancer risk would correlate strongly between pairs of cancers across populations, but it doesn't. Coefficients of risk between pairs of cancers 
Introduction
The pathway to cancer remains elusive. Tomasetti and Vogelstein concluded that chance was dominant [1] . But critics objected [2] . Wu, et al. concluded that exposure to environmental agents was dominant [3] . But both chance and exposure act continuously. If either was dominant, risk of a cancer diagnosis would increase continuously, but it doesn't. For all cancers studied, risk exhibits three phases: an early period of negligible risk, followed by an increase in risk to a maximum, followed by a plateau or decline in risk with further advance in subject age [4] [5] . For most common cancers, risk of a diagnosis is minimal below age 30. For these cancers, something about aging beyond 30 seems essential.
But aging doesn't occur by chance, and is only modestly influenced by the environment. Life expectancy is species specific, suggesting that aging is genetically programmed [4] . Genes were dismissed as dominant carcinogens because twin studies showed concordance among monozygotic twins to be only slightly greater than that among dizygotic twins [6] [7] . Twin studies, however, only reveal segregating genes. If species-specific genes dominated carcinogenesis, they would be invisible in twin studies [8] . To be consistent with the age-distribution of risk, such genes must code for a discontinuous process.
For the common cancers, cross-sectional plots of cancer incidence rates versus age display an upward curvature that was initially interpreted as exponential [9] [10] [11] . This leads some to suggest that the less common cancers that exhibit a rise and fall in incidence rate over age, resulted from a different carcinogenic process [12] . But careful analyses demonstrated that age-distributions for all cancers studied display the same general shape [4] [5] . This commonality suggests that one explanation may apply to all or most cancers. What happens after age 30 for most common cancers may happen at younger ages for those cancers with a peak risk in youth or middle-age.
A theory of carcinogenesis should explain the role of aging. Why do some cancers occur in youth or middle-age while most occur in old age? It should explain why some tissues are more prone to cancer than others, and why one location, B. Marshall, D. Dix
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Methods and Materials
We analyzed data from reliable sources [13] 
Results

1) Cancers
The median age-standardized rate, ASR, for each cancer is listed in Table 1 and Table 2 . Cancer of the small intestine is rare, cancer of the mouth is uncommon, and cancers of the bronchus, colon, and rectum are common in all populations. 
2) Gender
For cancers of the mouth, esophagus, stomach, small intestine, colon, rectum, liver, pancreas, larynx, bronchus, and kidney, the ASR for females is generally less than for males (Table 1 and Table 2 ). Cancer of the breast, is the most common cancer in females and the least common in males.
Is the rank order of cancers by ASR similar between the genders? To answer, we listed cancers with their ASR values in the same order in each population.
We then listed populations in the same order for each gender and calculated the correlation coefficient for ASR values between the genders. We omitted breast cancer to avoid confusion from random variation in the small ASRs for males.
For the worldwide populations, the correlation coefficient between the genders minus breast cancer is .912 in 1988-92, and .852 in 1983-87. For the American populations, the coefficient is .819 in 1988-92, and .927 in 1983-87. These coefficients are significant at p < 0.001.
3) Race
Median ASRs are listed for blacks and whites in Table 3 . ASRs for blacks are generally higher than for whites and conspicuously so for cancers of the stomach and esophagus. Rates for melanoma and breast cancer are higher for whites than blacks.
B. Marshall, D. Dix 6/14 OALib Journal Is the rank order of cancers by ASR similar between blacks and whites? We listed cancers with their ASRs in the same order in each population, and listed populations in the same order for blacks and whites. We omitted breast cancer as described above. The correlation coefficient between black and white ASRs is 0.960 for both 1988-92, and 1983-87. Table 4 lists median ASRs by race and ethnicity. For cancers of the breast, bronchus, mouth, and larynx, the Chinese, Japanese, and Hispanic-white rates are lower than the black and non-Hispanic-white rates. For liver cancer, the opposite is true. The Chinese and Japanese rates for kidney cancer are low. The non-Hispanic-white rate for stomach cancer is low, and, for melanoma, high.
The black rate for esophagus cancer is high. For cancers of the colon, rectum, and pancreas, Chinese and Hispanic-white rates are lower than the Japanese, black, and non-Hispanic-white rates.
For Chinese and Japanese, the risk for stomach, esophagus, and liver cancer is lower, and the risk for breast and colon cancer, higher in California than Asia. Table 6 shows the comparison between the two risks. Except for melanoma and liver cancer, the maximum dASR is less than the median d70 -30. For melanoma and liver cancer, the maximum dASR is less than the 90 th percentile d70 -30. The percentage of median d70 -30 equal to maximum dASR is listed for each cancer in Table 6 . The correlation coefficient between the lists of percent median between the two eras is .887 (p < 0.001).
7) The Critical Age
For each cancer in each of the worldwide populations, the age-specific incidence rates were listed at ages 30, 40, 50, 60, 70, and 80. For each era, the differences were calculated between adjacent rates: d40 -30, d50 -40, d60 -50, d70 -60, and d80 -70. In the 1988-92 era, Puerto Rico did not report rates beyond age 75. For each cancer, these differences were listed with the respective ASR values.
Correlation coefficients were calculated between the lists of adjacent differences and ASR values. Table 7 shows these coefficients along with the median agespecific rates. In both eras, the highest coefficient, .900 in 1983-87, and .886 in 1988-92, is between d50 -40 and ASR despite the fact that cancer incidence is rare at ages 40 and 50. Table 7 . Correlation coefficients between adjacent age-specific rate differences and ASR, world populations. 
Discussion
Except for the unusual risk for stomach, esophagus, and liver cancer in China and Japan, the populations studied exhibit similar rank order of cancer ASRs suggesting a similar carcinogenic process in all populations.
The consistently strong positive correlation coefficients (r > 0.700) between cancers of the larynx and bronchus, larynx and mouth, and larynx and kidney suggest a common carcinogen, e.g., tobacco or alcohol, for these tissues.
The insignificant, and often negative, coefficients between melanoma and the other cancers suggest that melanoma responds to a unique carcinogen, e.g., sunlight, which may offer weak protection against other cancers.
The modest or weak correlation coefficients among cancers of the esophagus, stomach, small intestine, colon, rectum, liver, and pancreas suggest that less than half the ASRs for these cancers is caused by common carcinogens. But the strong or moderate coefficients between distributions of the cancer X cancer correlation coefficients between eras argue against a random distribution of r-values. Cancers For cancers of the mouth, esophagus, small intestine, colon, rectum, pancreas, larynx, bronchus, breast, and kidney, the maximum dASR is less than 55% of the median d70 -30. For melanoma and cancers of the stomach and liver, maximum dASR is less than 90% of d70 -30.
The high correlation coefficient between d50 -40 and ASR suggests that the transition, over these years, from minimal to increasing risk can explain some 80% of ASR. That same transition can also explain the differences in ASR between genders, races, and ethnicities.
Why is cancer more common in one tissue than another, or in one gender or race or ethnicity than the other(s)? Because the difference in age-specific rates between ages 50 and 40 is greater for the more common than the less common tissue, gender, race, or ethnicity.
What happens between ages 40 and 50? We suspect the carcinogenic target is created, and that the size of the target determines the size of the risk.
Height correlates with cancer risk [16] . We suspect height is a surrogate for target size. Men get more cancer than women because they harbor bigger targets.
The larynx is an example. It's bigger in men than in women [17] . And we think that's why larynx cancer is 6-fold more common in men than women.
The breast is a dramatic exception to the rule that men are more prone to cancer. But women have bigger breasts and, therefore, bigger cancer targets than men, and the bigger a woman's breast, the bigger the risk of cancer [18] [19].
Kleinfelter's patients have larger breasts and larger breast cancer risk than normal men, but smaller breasts and breast cancer risks than normal women [20] .
The thyroid, like the breast, is more vulnerable to cancer in women than men.
The female thyroid grows with the menstrual cycle [21] [22] . We suspect this growth presents a bigger target for carcinogenesis.
The smallest difference in cancer risk between the genders is for small intestine, followed by pancreas. No correlation, or only a weak correlation, exists between body height and size of the small intestine and pancreas [23] [24] .
Why is cancer of the small intestine rare while cancers of the stomach and colon are common? Only the small intestine is coated with villi and we suspect they conceal the targets of carcinogenesis.
Why is cancer of the mouth less common that cancer of the esophagus, stomach, colon, and rectum? Oral stem cells age slower than other stem cells, and we suspect the mouth target emerges more slowly than do the targets in other tissues.
Carcinogenesis is a stem cell phenomenon [25] . And each tissue has a unique strategy for stem cells tailored to the regenerative needs of that tissue [26] . We suspect this strategy is key to target formation.
Why don't hearts get cancer? Cardiomyocytes don't regenerate [27] . Why are sarcomas rare relative to carcinomas? Regeneration is rare in the tissues of sarcoma origin relative to those of carcinoma origin. Tissue generation is safe, but both regeneration and delayed differentiation are risky.
Male germ cells [28] breast glandular cells [29] [30], and colonic crypt cells [31] that fail to mature are prone to cancer. So are melanocytes that fail to make melanin [32] . The black-white difference in melanoma risk has been attributed to protection from UV-radiation [33] . But lightly-pigmented Chinese and Japanese offer the same protection as blacks. Even Hispanic whites are at a quarter risk of non-Hispanic whites, and even non-Hispanic whites, who tan well in response to UV exposure, are at low risk compared to non-Hispanic whites who fail to tan [34] . It may be more the making of melanin than the blocking of UV that protects from melanoma.
Once tissue differentiation has occurred, the stem cells that remain seem refractory to carcinogenesis [35] . Normal testes, thoroughly utilized breasts, and pigmented skin are at low cancer risk. We speculate that regeneration becomes dangerous when it becomes excessive, causing refractory stem cells to be replaced by pluripotential stem cells from tissue dedifferentiation [36] . Perhaps the target of carcinogenesis consists of the number of such dangerous stem cells, and, perhaps, d50 -40 reflects this number.
Excessive regeneration would follow from excessive tissue injury. But excessive tissue injury is always the cause of death. If excessive regeneration were the principal cause of cancer, the all-site ASR should correlate with the rate of death from all causes. We have found that correlation to be greater than 0.90 at ages 70 and 80.
Cells become senescent at old ages and the regeneration that is the essence of wound healing declines [37] . This would explain the decline in cancer risk at old ages [38] .
If target size contributes to risk, inhibiting growth, perhaps, with somatostatin, might be beneficial. If excessive injury contributes to risk, adopting womanly behavior, particularly in the manner of Hispanic and Asian woman, might be beneficial [39] .
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